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Abstract: 
This paper integrates indicators of environmental, social and economic impact of a range of policy 
scenarios through the use of Multicriteria and Multiperiod Programming. The case study is irrigated 
agriculture in the basin of the River Guadalquivir, and the policy scenarios combined Common 
Agricutural Policy and Water Framework Directive implementation in the period 2001-2010. The model 
is applied to a representative number of farming systems that attempt to offer a satisfactory description of 
the productive diversity of the basin. Results indicate that there are significant differences in the impact 
in the three dimensions (environmental, social and economic), according to the possible evolution of 
policy, market and technical futures. We believe that the integration of indicators into multicriteria 
models is a powerful system for building policy support tools for sounder decision making in the 
implementation of a future normative which will affect agricultural production in Europe, and that these 
tools can be used to deal with new questions that face agriculture (genetically  modified organisms, new 
CAP, etc.) 
 






The importance of irrigation is very significant in a Mediterranean country like Spain, because of 
marked seasonal water shortages. Because southern Spain has an arid climate that makes irrigated 
agriculture more productive than rain-fed agriculture, we have selected for our study the basin of the 
Guadalquivir Valley the south of Spain, where 597,980 hectares are under irrigation. A wide range of 
crops are cultivated in this area are very diversified, including low value-added crops and those 
dependent on CAP subsidies with high value-added crops that do not receive CAP subsidies such as 
vegetables and the new intensive olive groves. The Guadalquivir Valley has a significant percentage of 
drip irrigation. At 35.1%, this is above the Spanish average, which is the more remarkable when we 
remember that under the “irrigation” designation there are some areas in the Central North where water 
quotas are virtually limited to late spring cereals, with low consumption per hectare. 
 
Objectives  
This study applies scenario analysis of the consequence of changes in European policy to the 
possible evolution of agriculture in a river basin, using a set of indicators. We aim to contribute to the 
evaluation of the environmental impact of agriculture through the use of models based on ecological, 
economic and social sustainability indicators. The present ‘status quo’ scenario is tested against several 
alternative scenarios under which implementation of the WFD would lead to an increase in water price, 
while agricultural policy reforms would affect pesticide use, bring about a rise in labour costs, reduction 
in public support and reduce prices, etc. This paper will utilize this framework to study the typical 
irrigated systems of the Guadalquivir Valley and subsequently integrate all the systems into a global 
study at basin level.  
The methodology employed is based on multicriteria methodology applied to multiperiod models. 
This is a significant innovation, given that multicriteria models have virtually always been applied to 
single-period static models. After we have obtained simulated crop plans for each cluster in each area of 
the basin in which general and more frequent irrigation is practised, we integrate the simulated cropping 
patterns through a weighted sum of areas in order to obtain the representative cropping pattern of the most important agricultural systems in the basin. However, there are two other representative agricultural 
systems that must be included in the basin, and these are localized in the Upper and Lower Valleys of the 
river. In these, traditional olive groves and rice respectively occupy almost 100% of the surface and 
therefore, it is not necessary to simulate alternative crops because in the first case, the only alternative is 
rain-fed olives, and in the second case there is no agricultural alternative because the soil is saline and the 
only possibility is to abandon agriculture and dedicate the land to nature reserve purposes, by extending 
the existing Doñana National Park. 
This procedure gave us the weighted average crop plan in the Guadalquivir Basin, including the 
three mean irrigated agricultural systems: General, Extensive Olive and Rice. From this representative 
cropping pattern we obtained the values of indicators in Scenario 0 (Agenda 2000 and water price 
zero).We then proceeded to perform the simulation and integration again in each of the defined 
scenarios. In these scenarios we have combined water pricing with agricultural policy reform and in each 
scenario water price goes up by a percentage with respect to the present price (we have started from the 
assumption that the present water price is equal to the current cost of water (in €/m
3)), because in reality, 
the price of water is zero. 
 
Case Description And Clusters Definition 
We analyze the implications various policy scenarios for the irrigation of one of the most 
important basins in Spain: the Guadalquivir Valley in Andalusia. The study has been performed on three 
existing kinds of irrigated agricultural system: General Irrigation, Irrigated Extensive Olive and Rice (see 
Figure 1). The first system is localised in the mid-Guadalquivir Valley. It is the most generalized system 
and for this reason, we found it necessary to select some representative irrigated areas; Fuente Palmera, 
Genil-Cabra, Bembézar M.Dª and El Villar,in which to carry out a subsequent integration of the results 
for the mid-Guadalquivir Valley, under a range of policy scenarios. Irrigated areas were selected at 
random. In these areas there is a wide variety of irrigated crops, but the most important are cotton and 
other extensive spring crops such as sunflower and maize; wheat, intensive olive, citruses, peaches and 
fresh vegetables complete the crop pattern. The second system, which occupies 25.13% of total surface 
of the basin, comprises the extensive olive monoculture of the Upper Guadalquivir Valley. The third 
system is rice, which is irrigated by flooding and is found in the Lower Guadalquivir Valley, where land 
is saline and marshy. This crop occupies 6% of the total area of the basin and is the only possible crop in 
this area, because of the type of soil. 
 
  Figure.1. Agricultural systems in the River Guadalquivir basin 
 
             Source: Adapted from www.chguadalquivir.es  
It is normal when modelling an area to build various models, and the most frequently used 
system of classification is size. However, we follow a system of characterization that is based upon 
behaviour as reflected by crop-planting decisions, regardless of size. Nevertheless, there is always some 
correlation between crop plans and farm structure, but we believe that the farmer’s personal values and 
socio-economic characteristics have greater influence in crop decisions than farm size by itself. For this 
reason, our classification starts with the results of a questionnaire that apply cluster techniques to crop decisions. We use SPSS v8.0 and a hierarchical classification based upon Euclidean distance. The results 
are several clusters which have a satisfactory degree of homogeneity in the irrigated areas of the mid-
Guadalquivir Valley that we studied. 
The clusters found in each of the irrigated areas of Medium Valley are shown in Table 1. 
 
  Table 1. Clusters of “General Irrigation System” 
 
Irrigated area “Fuente Palmera” 








% farmers  19.7%  31.5%  32.9%  15.7% 
% area  8.3%  45.8%  32.4%  13.3% 
Age 54  55  49  46 
% income from agriculture  80%  40%  70%  40% 
Average size (ha)  8.3  28.8  19.6  17.0 
Median size (ha)  5.5  6.7  7  4 
Total area (ha)  125.2  691.3  489.7  201.9 
Dominant irrigation 
system  drip sprinkler  drip  drip 
MEAN CROP  Cotton (85.8%)  Wheat (52.8%)  Corn (42.6%)  Olive (59.2%) 
 
Irrigated area “Genil-Cabra” 









% farmers  49.3%  21.5%  17.7%  11.4% 
% area  53.3%  22.2%  16.4%  8.0% 
Age 52  49  58  47 
% income from 
agriculture  100% 100%  100%  100% 
Average size (ha)  24.8  23.9  21.4  16.2 
Median size (ha)  15  14.8  11  2.8 
Total area (ha)  972.6  406.2  298.9  146.2 
Dominant irrigation 
system  sprinkler sprinkler  drip  sprinkler 
MEAN CROP  Cotton (33.1%)  Cotton (44.5%)  Olive (64%)  Vegetables 
(60.2%) 
Irrigated area “Bembézar M.Dª.” 
  Cluster A: 
Corn  






% farmers  26.2%  37.5%  21.2%  15.0% 
% area  18.9%  47.8%  20.6%  12.7% 
Age 53  52  50  47 
% income from agriculture  90%  90%  100%  100% 
Average size (ha)  16.2  28.5  21.7  19.2 
Median size (ha)  6.0  19.6  14.0  15.3 
Total area (ha)  347.92  880.05  380.55  233.52 
Dominant irrigation 
system  gravity gravity  drip  gravity 
MEAN CROP  Corn (57.7%)  Cotton (52.5%)  Citrus (50.3%)  Vegetables 
(55%)  
Irrigated area “El Villar” 
  Cluster A Commercial   Cluster B: Conservative  
% farmers  64.3%  35.7% 
% area  48.0%  52.0% 
Age 48  55 
% income from agriculture  100  100 
Average size (ha)  19.7  38.5 
Median size (ha)  8.5  16 
Total area (ha)  532.6  577.8 
Dominant irrigation system  drip  drip 




We have built a model, with yearly decision intervals and two farmer’s objectives in the main 
agricultural system of the Guadalquivir basin. This multiperiod model is based upon a multicriteria 
objective function and has been developed for the Guadalquivir Valley, dividing the irrigated area into 
homogeneous types of farming as identified by cluster analysis. The model is applied to different future 
scenarios with a time horizon of ten years and different farming environments. However, the model 
continues to simulate out to a 40-year horizon in order to avoid ‘border’ or ‘transition’ results. A set of 
sustainability indicators has been evaluated for the model. 
The methodology employed to build this model has been detailed in other paper sent to this 
congress (see López et al., 2005
1). 
 
Components of the model: 
1.  Decision Variables  
X(t,c) is defined as the area given over to crop ‘c’ in year ‘t’, and its application for annual crops. 
X(t,o), X(t,cit), X(t,pea), X(t, asp), defined as areas for perennial crops, are vectors of characteristics as a 
function of the age of the plantation. Z(t) is a instrumental variable which represents the area where the 
irrigation system is changed to drip from the existing sprinkler system. 
 
2.  Multicriteria and Multiperiod Utility Function 
•  Objectives and Weightings of Utility Function 
After applying the bi-criteria model to the clusters founded in each area of General Irrigation 
System we obtained the results (weightings of utility function) shown in Table 2, where we can see the 
results of applying the methodology developed by WADI consortium Gómez-Limón and Berbel  (2000)
2 
to the crop area and the criteria values. These weightings were obtained by comparing projected versus 
actual result, and we have the 2001/2002 data as a validating set, therefore although the weights were 
obtained for the ‘short term’ they will be used for long-term simulation.  
The weightings found were consistent with the features of the crops, e.g. in irrigated area of 
Fuente Palmera, the wheat-oriented cluster (B) has a higher weight for labour minimization than groves 




  Table 2. Criteria Weightings by cluster in General Irrigation System 
Source: Authors’ own data 
Fuente Palmera 
Cluster A: Cotton   Cluster B: Wheat   Cluster C: Corn   Cluster D: Groves  
99.5% FC – 0.5% MO  83.8% FC – 16.2% MO  96.3% FC – 3.8% MO  99.5% FC – 0.5% MO 
Genil-Cabra 
Cluster A: 
Conservative   Cluster B: Commercial   Cluster C: Intensive 
olive   Cluster D: Vegetables  
65.3% FC – 34.7% 
MO  75.9% FC – 24.1% MO  98.3% FC – 1.7% MO  94.6% FC – 5.4% MO 
Bembézar M.Dª 
Cluster A Corn   Cluster B: Diverse  Cluster C: Fruit   Cluster D: Vegetables 
96.4% FC – 3.6% MO  90.4% FC – 9.6% MO  97.4% FC – 2.6% MO  82.6% FC – 17.4% MO 
El Villar 
Cluster A: Commercial   Cluster B: Conservative  
95.3% FC – 4.7% MO  64.6% FC – 35.4% MO 
•  Present Value Utility Function 
As we have mentioned, in the long term we need to maintain the correct proportions in the 
weightings for the two criteria considered (Cash Flow vs. Casual Labour). For this reason we use a 
Utility Discount Rate in the Present Value Utility Function (PVUF) to compare parameters throughout 
the period. This is justified by the preference for present Utility (made up by maximization of NPV plus 
minimization of casual labour) as against future Utility. As mentioned above, we based our choice on the 
CAPM (Capital Asset Pricing Model) model, in which Segura & Ribal (2002)
3 and Ribal (2003)
4 analyse 
the discount rate implicit in the valuation of farm land in Spain and irrigated areas, estimating a rate of 
7.98%, (including a risk premium) for irrigated farming in Andalusia, where our case study is located. 
This rate is the sum of a free risk rate (Government Bonds i.e. 3.15%) and a risk premium (4.83%) 
calculated according to Sharpe (1994)
5. 
Our adaptation of the short-term static model is therefore as follows. 
Max.  PVUF = w1 * NPV / (fNPV*- fNPV,LAB) – w2 * LAB / (fLAB,NPV – f LAB*) 
3.  Constraints 
The constraints considered in the model (table 3), some of which are cluster-specific, are in 
global terms: Area constraint, CAP regulation, Crop rotation and Market for vegetables. These 
constraints are classical and were used for the short-term static model; however, the following kinds of 
constraint are specific to multiperiod programming: Financial constraint, Water supply, Inventory initial 
conditions, Crop growth links, Irrigation technology (drip irrigation may increase but this implies an 
investment cost and reduces the area under sprinkler system), and Limits in agro-chemical use. 
 
Attributes: Environmental and socio-economic Indicators  
Our specific aim was the selection of a limited number of parameters that can be fed into the 
mathematical models that have been developed in the quantitative phase in order to evaluate the impact 
on irrigated agriculture according different policy scenarios. The indicators selected to check and control 
the sustainability of agriculture at farm level have been defined by OCDE (2001)
6. 
  
Integration of Results of Simulation 
The objective of this study was thus to built a realistic model capable of simulating probable 
developments following potential changes in the EU’s water policy (WFD) and agricultural (CAP reform) scenarios. We therefore employed a reliable methodology to define the consistent or linked 
scenarios for both policies. 
 
  Table 3. Summary of generic constraints of the model 
∑ =
c
c t x 100 ) , (  
∀t  Land 
() 5 . 396 100 1500 * ) ( ) , ( * ) , ( × ≥ − ∑
c
t z c t FC c t x   
∀t  Financial 
x(t,set-aside) ≥ 10% ∗ (x(t,durum-wheat) + x(t,wheat) + x(t,durum-
wheat-dry) + x(t,wheat_dry) + x(t,sunflower) + x(t,sunflower_dry) + 
x(t,corn) 
x(t,set-aside) ≤ 20% ∗ (x(t,durum-wheat) + x(t,wheat) + x(t,durum-
wheat_dry) + x(t,wheat_dry) + x(t,sunflower) + x(t,sunflower_dry) + 
x(t,corn) 
x(t,durum-wheat) + x(t,durum-wheat_dry) ≤ (specific maximum) 
x(t,cotton) ≤ (specific maximum) 
x(t,sugarbeet) ≤ (specific maximum) 







− ∗ ≤ ∑ ∑ ∑ ∑
asp pea cit o
asp t x pea t x cit t x o t x c t x ) , ( - ) , ( - ) , (   - ) , ( 100
100
50
) , (   ∀t, c, o, 
cit, pea & 
asp  
Frequency 
x(t,crop1) ≤ x(t,crop2) + x(t,crop3) + x(t,crop4) + x(t,crop5)  ∀t  Succession 
x(t,vegetables) ≤ Max_vegetables by cluster  ∀t  Vegetables 
x(t,olive_year0) + x(t,olivo_year0_dry) = cluster olive area 
x(t,citrus_year0) = cluster citrus area 
x(t,peach_year0) = cluster peach area 





x(t,o) = x(t-1,o) 
x(t,cit) = x(t-1,cit) 
x(t,pea) = x(t-1,pea) 
x(t,asp) = x(t-1,asp) 
∀t, o, cit, 
pea & asp 
Age of 
plantation 
drip0 = existing drip by cluster  ∀t  Drip irrigation 
Water demand(t) ≤ Water endowment  ∀t  Water supply 
Drip(t) = z(t) + Drip (t-1) 
) ( 0 ) _ , ( t Drip drip crops drip t x
drip




Pesticide(t) ≤ Max_pest 





We obtained the weighted medium crop plan in the Guadalquivir Basin, including the three 
existing agricultural systems. The estimate of scenarios (see Morris et al., 2004
7) for the future of the 
European Irrigated Agriculture thus differed from the status quo represented by Agenda 2000 and water 
price zero. 
The simulation and integration were thereafter repeated for each scenario, combining water price 
(starting with the assumption that the current water price is equal to the cost of water because the price of 
water is actually zero) with alternative reforms of agricultural policy. Scenarios are detailed in the 
previous chapter, “Scenario definitions”. The reference time horizon was set to 2010 and the individual 
scenarios are briefly characterized in our study as: 
Scenario 1 (World Agricultural Markets). In this context the CAP subsidies completely disappear 
and prices of outputs fall by between 10% and 15%. On the other hand, crop yields increase thanks to 
modern technology. The prices of most agricultural inputs fall, but the price of water goes up by 22.5 % 
vis-à-vis its current price. There are no limits on agro-chemical use. Scenario 2 (Global Agricultural Sustainability). CAP subsidies are lowered by 5 and 20% 
(except for sunflower and set-aside). Output prices fall by between 5% and 10% (except for vegetables). 
On the other hand, crop yields increase as a result of technological innovations. The prices of most 
agricultural inputs increase and the water price goes up by 40%. The use of chemical inputs is cut by 
30%. 
Scenario 3 (Provincial Agricultural Markets). CAP subsidies remain at the same level as under 
Agenda 2000 for wheat, sunflower and set-aside, but in the case of other crops they fall by 5 - 10%. 
Olive oil, sugar-beet and cotton prices decrease by between 5 and 10%, while other crop prices, mainly 
vegetables and fruits, increase. the prices of inputs suffer a considerable increase (5% to 25%) and the 
price of water rises by 12.5 %. There are no limits on agro-chemical use. 
Scenario 4 (Local Community Agriculture). All agricultural subsidies increase between 5% and 
15%, except for maize. All output prices rise by between 5% (sunflower) and 25% (vegetables). 
However, prices of inputs also increase by between 15 and 60%. Water goes up by 50% and chemical 
inputs fall by 35%. 
Even though they consist mainly of a 'storyline', the quantitative indicators which illustrate the 
direction and rate of the changes of the relevant parameter to be used in the simulation phase were 
estimated. Such coefficients have been quantified considering the combination of Agricultural and Water 
Policies scenarios corresponding to the national and local specificity of the study. In particular we 
defined their impact on irrigated agriculture with respect to farming systems affected by the reform, 
profitability of irrigated crops, changes in the area dedicated to given crops, trends in employment, water 
consumption, fertiliser and pesticide use, etc. 
 
Integrated Basin Water Demand & Impact Of Water Pricing Under Agenda 2000 
After obtaining the agriculture water demand curve, we obtained an integrated basin water demand 
function based on simulated data and using the model in the current context (Agenda 2000). Figure 2 
shows the curve for the River Guadalquivir basin under the present scenario, at the time when we 
obtained the data (December 2001) and in the future (2010), under a hypothetical rising water tariff and 
the current Agenda 2000 regulations. 
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The Integrated Guadalquivir Basin Water Demand Function shows an initial almost totally 
inelastic segment. In 2010, this first segment would be between 0 and 9 eurocents/m
3 and water 
consumption at these price extremes would be 4,621 and 4,584 m
3/ha, respectively. Within this segment, 
farmers’ income, contribution to GDP and level of employment would exceed current values, and at the 
same time, water consumption and pesticide usage would be less. 
However, when the water price reaches 10 eurocents/m
3, there is an appreciable reduction in 
water consumption in comparison with the current level (-329 m
3/ha). This point is the beginning of the 
second segment, whose principal feature is a clear elasticity. At 11 eurocents/m
3, farm income is slightly lower than it was in 2001 (1,660 €/ha), but the contribution to GDP is still considerably greater, 
increasing by 22%, and labour input will have increased by 36.8% (from 15 to 23.6 man-days/ha). The 
reduction in water demand is progressive through the curve, for example, when the price of water is 13 
eurocents/m
3, water consumption is around 4,277 m
3/ha; when it reaches 15 eurocents/m
3, water 
consumption is 4,157 m
3/ha, etc. The curve becomes inelastic again when the price of water reaches 85 
eurocents/m
3.  
The Rice System tends to make the water demand function less elastic, because the only option 
for farmers when water price increases is not to irrigate, and unirrigated rice is not viable under the 
climatic conditions of the basin. When the price of water reaches 16 eurocents/m
3, rice would disappear 
because farmers’ income does not approach the economic minimum for farmers in the basin (396.6 €/ha), 
and there is no possibility of producing other crop because of the special characteristics of the land 
(saline and flooded). At 16 eurocents/m
3, therefore, there is an appreciable reduction in water 
consumption in the basin and the demand for water is now 3,810 m
3/ha.  
We can observe a water saving in the future (2010) accompanied by socio-economic 
improvements. Meanwhile, the water price does not reach 13 eurocents/m
3, thanks to a significant 
decrease in traditional industrial crops in favour of intensive olive and fruit groves, and the water demand 
function associated with these crops is very inelastic because the only possibility that farmers have when 
the water price increases significantly is not to irrigate their trees. In the first case, olive is a crop that can 
well be grown without irrigation (albeit with lower yields) and in the second case (fruit trees), the only 
possibility would be to pull them up. In the case of traditional or extensive olive cultivation, the change 
from irrigated to rain-fed extensive olive groves would occur when the water price reaches 23 
eurocents/m
3, when mean water consumption in the basin would be around 2,700 m
3/ha. In general, the 
evolution of the cropping pattern would be in the direction of 20% of fruit and intensive olive groves, 
while annual crops (except vegetables) decrease. 
Finally, we can see the water demand function for 2001 (when we obtained the data for this 
study) in Figure 2. Between 0 and 12 eurocents/m
3, the curve for 2010 shows water savings vis-à-vis the 
curve obtained in 2001. At a water price of 13 eurocents/m
3 both curves meet at a level of consumption 
of 4,277 m
3/ha. 
A rising water price has several kinds of socio-economic and environmental impact, as Figures 3 
and 4 show. 
 
















































































































Results by Scenario  
We wish to emphasize that future scenarios are intended to be merely prospective; i.e. they are not 
deterministic realities. Therefore, the results of these scenarios should be understood as feasible and 
potential interval ranges. 
 
Crop Mix 
In Table 4 we can compare the resultant integrated cropping pattern of Guadalquivir basin in 
2010 under different scenarios, as defined Morris et al. (2004)
7, Berkhout et al. (1998)
8 and DTI (1999)
9 
Figure 5 show us the evolution of crops under each scenario, by groups (cereals and oleaginous crops, 
industrial crops, vegetables and olive and fruit groves). 
 
  Table 4. Integrated cropping pattern of River Guadalquivir basin under different scenarios 
(%) 
2010  Crop 2001 
Scenario 0  Scenario 1  Scenario 2  Scenario 3  Scenario 4 
Wheat  10  12.3  15.4 3.5 14.6 9.9 
Corn  13.4  3.3 19.6 9.5 13.2 7.7 
Cotton  17.4  20.5 0 16.7  9.5  22.3 
Rice  6  6 6 6 6 6 
Sunflower  5.9  0.4  2  11.1 0.4 17.4 
Sugarbeet  1.1  2.6 8.2 8.2  3  0.3 
Intensive olive  7.9  20.4 22.9 21.2 16.4  8 
Extensive olive  25.1  25.1 25.1 25.1 25.1 25.1 
Citruses  5.3  10.5  0.3 8.5 8.1 9.6 
Peaches  0.9  19.1  22.1 8.8 21.5 7.8 
Potatoes  1.9  3.9 4.1 4.8 4.1 4.8 
Onions  0.3  1.5 1.5 1.9 1.5 1.9 
Garlic  1.8  1.2 0.9 0.9 1.7  1 
Asparagus  0.4 0.9  0.9  1  0.9  0.7 
Peppers  0.7  1.3 1.3 1.3 1.3 1.3 
Set-aside  1.8  2.2 0.7 2.6 3.8 6.4 
 
Scenario 0 (Agenda 2000 or Status quo). This is the scenario under which cereals and oleaginous 
crops decrease most in comparison with the 2001 cropping pattern. On the other hand, groves intensive olive, extensive or traditional olive and fruit trees) increase in this scenario more than in the others, 
occupying more than 70% of the total irrigated area. Industrial crops (cotton and sugar-beet) would 
continue to play an important role, even higher than in 2001. In vegetables, the trend is similar to the 
past; there are thus fluctuations in cultivated area but the tendency is for this to increase. 
Scenario 1 (World Markets). Cereals and oleaginous crops tend to maintain the same tendency as in the 
past, i.e. variable but maintaining an important presence, around 43% at the end of the period under study 
(in 2001 this group of crops occupied 35.5% of the total irrigated area in the basin). On the other hand, 
industrial crops become mush less important, until they occupy only 8% of the irrigated area, mainly 
because cotton would disappear after elimination of its subsidy. Vegetables show a very similar trend to 
that of scenario 0 and groves, as in other scenarios, show a curve with a positive slope, reaching in 2010 
70% of the total irrigated area.  
Scenario 2 (Global Sustainability). Cereals and oleaginous crops decrease significantly, falling to 
30% of irrigated area in 2010. Industrial crops (cotton and sugar-beet) will be slightly more important 
than at present. Meanwhile, groves show a growth curve with a positive but minor slope than most of the 
scenarios, reaching 38% of the total irrigated area by 2010. Under this scenario, vegetables would play 
the most important role at10%. 
Scenario 3 (Provincial Enterprise). Cereals and oleaginous crops are as important as in 2001 and 
industrial crops decrease by 6% as subsidies disappear. in this scenario, surface increase most with the 
exception of scenario 0 (Agenda 2000). 
Scenario 4 (Local Stewardship). in 2010, the cropping pattern under this scenario is the most 
similar to the 2001 crop mix (except for the vegetables group, which doubles its area in 2010). This is 
because under this scenario, crop subsidies would increase in comparison with 2001. 
 
   














































































Agenda 2000 World Market Global Sustainability
Provincial Enterprise Local Stewardship Historic
 
   Economic Balance 
Where farm income is concerned it is possible to see from Figure 6 that Scenario 0 (Agenda 
2000) would be the best scenario for farmers because rent of farmers in 2010 improves +20.3 %, respect 
to 2001. Scenarios 3 and 2 offer the second best farm incomes, with increases of 15and 10.2% 
respectively, while scenarios 1 and 4 show important reductions of -23.1 and -25.3%. 
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Provicial Enterprise Local Stewardship Historic
 
From the point of view of the “Contribution to Gross Domestic Product” indicator, however, in 
2010 each scenario will reach a higher level than in 2001. Scenario 3 generates most wealth in 2010, 
followed by Scenarios 0, 2, 4 and 1 in that order (Figure 7). 
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Provicial Enterprise Local Stewardship Historic
 


























Agenda 2000 World Market Global Sustainability
Provicial Enterprise Local Stewardship Historic
  
Figure 8 shows that Scenario 4 (Local Stewardship) is the most dependent on direct payments, a 
result that we regard as negative. On the other hand, we have Scenario 1 (World Market), where 
subsidies are zero. In general, however, direct payments will be smaller in every scenario in 2010 than in 
2001, because the areas dedicated to cereal and oleaginous crops tend to decrease while the areas planted 
to fruit and olives groves tend to increase. 
 
Social Impact 
The demand for agricultural labour is higher in Scenarios 0 and 3, once again because of the 
increase of fruit and olive groves (very labour-intensive), followed by Scenarios 1, 2 and 4. In general, 
labour requirements in 2010 will exceed the 2001 level in every scenario, as we can see in Figure 9. 
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Figure 10 shows the water consumption of the basin, comparing the various scenarios. from this 
we can deduce that Scenarios 4 (Local Stewardship) and 2 (Global Sustainability) are the most 
economical of water, followed by Scenario 1 (World Market), 3 (Provincial Enterprise) and finally, 
scenario 0 (Status Quo or Agenda 2000), which is the highest water consumer. 
 Landscape and biodiversity 
The results suggest that future cropping patterns will concentrate on a smaller number of crops. 
In 2001 we start with a mean of 5.3 crops at basin level, but depending on the scenario this number 
oscillates between 3.7 and 4.7 crops. Therefore, genetic diversity will be reduced. In the Global 
Sustainability scenario, this indicator reaches the highest values. In the opposite case, under the World 
Market scenario genetic biodiversity has the smallest value (see Figure 11). 
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In the same way, it should be noted that soil cover would increase in the study basin under every 
scenario except Local Stewardship, where the indicator remains at a similar level to that of 2001 
(67.4%). This can be seen in Figure 12, and the variations experienced in the soil cover indicator are 
explained by the growth in number of tree groves. This increase in soil cover would have beneficial 
environmental consequences such as a decrease in the risk of erosion. 
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Environmental Impact 
The aggregated pesticide risk indicator, based on the LD50, tends to be much larger in Scenario 1 
(World Market) than in the other scenarios, where the value attained by this indicator has a very similar 
level in 2010. Thus, while in scenario 1 the index increases from the initial value of 11,938 to 12,405, in 
the remaining scenarios it falls to a lower value than in 2001, showing a very clear tendency to decrease. 
Local Stewardship would be the scenario where this indicator reaches its lowest value: 9,534. 
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The environmental impact of the use of nitrogen is quite positive in the Global Sustainability and 
Local Stewardship scenarios, because the level of nitrogen use falls from 65.1 kg N/ha in 2001 to 54.9 kg 
N/ha in 2010. In other scenarios the negative impact of nitrogen fertilization will rise. In the case of 
liberalisation of agricultural markets (Scenario 1), N pollution attains its highest value: 76.7 kg N/ha.  
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We foresee that in 2010, energy balance will be less in each scenario than in 2001, when the 
level of this indicator was 8,767,000 kcal/ha. Comparing scenarios, the energy balance value is highest 
under the Local Stewardship scenario, followed by World Market, Global Sustainability, Status Quo and, 
finally, Provincial Enterprise.  
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Conclusions 
We can derive two sets of conclusions from this approach: the first centres on analysis of scenarios 
and the second on the application of water pricing policy under the current scenario (Agenda 2000). With 
regard to the first set of conclusions, this research is innovative in that it attempts to apply scenario 
analysis to irrigated agriculture and specifically analyses the potential development of a set of socio-
economic and environmental indicators for agriculture, as consequence of changes in European policy. 
We tested the present ‘business as usual’ or ‘status quo’ scenario against four alternative scenarios 
consistent with both Water Policy and CAP: World Market, Global Sustainability, Provincial Enterprise 
and Local Stewardship. The alternative scenarios are defined by conditions under which, according to the 
Water Framework Directive (WFD), a higher water price and a particular CAP scenario would lead to 
changes in agrochemical use, labour costs, public-sector support via direct subsidies, output prices, etc. 
We believe that this case study illustrates the links between environmental policy and agricultural policy, 
focusing on potential tendencies in CAP policy and WFD instruments. 
The results of the study under these alternative scenarios would have quite different effects on 
irrigation. For example, Global Sustainability seems to be the scenario that produces most beneficial 
values because almost every indicator moves in a positive direction simultaneously: improvement in 
socio-economic indicators, water saving, less pollution due to pesticides and nitrogen and finally, smaller 
decreases in energy exports and biodiversity than other scenarios. This scenario would mean progress 
according to an socio-economic and environmental point of view, although economic growth is not as 
fast as under other scenarios (slower growth of groves, compensated for by a greater growth in vegetable 
area). The remaining scenarios seem to have fewer advantages. For example, Provincial Enterprise shows 
quite similar results to Global Sustainability, except in the results that refer to pollution produced by 
nitrogen, and water saving; in the Local Stewardship scenario, farm incomes would fall and soil cover 
will be less than in other scenarios. World Markets seems to be the least convenient scenario from every 
point of view. 
 
Figura 16. Summary of impact of the different on indicators for the whole River Guadalquivir basin 
SCENARIO 
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All scenarios share some common features:  
  A positive impact derived from reduced dependence on subsidies from CAP (null in scenario 1),    A tendency to specialization in fruit tree and olive groves. This implies less genetic diversity and 
more soil cover. In the future, therefore it may be necessary to control these crops to avoid a fall 
in prices. But this effect is difficult to quantify because in past few years, the fruit and olive oil 
markets have absorbed the increased production of new plantations in the basin without a serious 
decrease in prices. 
As far as the second set of conclusions is concerned, i.e. those that refer to the impact of the 
implementation of water pricing in extensive agricultural systems under Agenda 2000, we obtained two 
water demand functions at basin scale, one in the short and one in the long term (2001, when our data 
were obtained, and 2010). Both curves show an initial inelastic segment that was longer in the 2010 
function, largely because of the bigger proportion of groves. 
However, not all crops respond in the same way to a water tariff. Olives and some fruit groves 
(peaches) are stable and show an inelastic water demand curve, contributing to the inelasticity of the 
global water demand function in the basin. In this case, water pricing could be a good tool for attaining 
environmental and budgetary objectives (such as Cost Recovery), although it is unlikely that it would be 
an incentive for farmers reduce either water use or pollution. The annual crops belonging to the General 
Irrigation System tend to exhibit a higher degree of flexibility to water pricing. Some of them (e.g. 
vegetables) are both flexible and profitable. A water tariff could therefore be charged on the system and 
would give a reasonable result, without risking the survival of the system.  
Rice is a rigid but fragile system (inelastic water demand), because increasing water price will not be 
effective up to the threshold at which farming is abandoned.  
Finally, from the methodological point of view we have developed an integration of both Multicriteria 
and Multiperiod programming. On a very long-term time-scale, the study could have been done with 
static programming (much simpler), because the crop mix will tend to be stable. But our horizon (2010) 
is not sufficient far ahead for olive groves to become stabilized. We should also note that problems of 
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